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Munich, Germany) and 1 µM insulin (Sigma, Munich, Germany). At all differentiation steps the medium was refreshed daily. The cells were harvested for RNA analysis after 7 days in hepatic maturation medium.
MRC used a similar protocol as UKK with some modifications as described [1] . Briefly, hESC were grown at 30% confluency, washed twice with sterile PBS and cultured for 3 days in "definitive endoderm differentiation medium" as described for UKK, excluding the addition of Glutamax®. Afterwards, the cells were cultured for 4 days in "Hepatoblast differentiation medium" with a similar composition as UKK, excluding β-mercaptoethanol. Finally, the cells were cultured for additional 10 to 14 days in "hepatic maturation medium" again with a similar composition as UKK, excluding FBS, tryptose phosphate, insulin and Glutamax ® .
During definitive endoderm specification the medium was changed daily. At the subsequent stages of hepatocyte differentiation the medium was changed every 48 hours. At all differentiation steps the medium was refreshed daily. The cells were harvested for RNA analysis after 10 and 14 days in hepatic maturation medium, corresponding to 17 and 21 days of differentiation, respectively [2] .
CEL used the commercial hESC and hiPSC cell lines SA181 and ChiPS4, for the generation of hESC-Hep and hiPSC-Hep respectively [3] and used a company-owned, protected differentiation protocol.
Primary human hepatocyte isolation and culture
Primary human hepatocytes were obtained under patient informed consent from liver sections of patients undergoing surgical liver resection (following the 1975 Declaration of Helsinki) as previously described [4] . Detailed protocols for isolation and culture of human hepatocytes are described in Godoy et al 2013 [4] . Briefly, hepatocytes were obtained by two step collagenase-I perfusion, removed of debris by Percoll centrifugation, and plated in 6 well dishes either coated with collagen-I (collagen monolayer) or between two layers of collagen-I gel (collagen sandwich) CHROMA SPIN-100 columns (Clontech, Saint-Germaine-en-Laye, France).
Spectrophotometric analysis was used for quantification of cRNA with acceptable A260/A280 ratio of 1.9 to 2.1. After that, the cRNA was fragmented following Affymetrix's protocol. Labeled and fragmented cRNA was hybridized to Human Genome HG-U133 plus 2.0 Affymetrix GeneChips for 16h at 45° C according to the manufacturer's instructions. Microarrays were washed using an Affymetrix fluidics station 450 and stained initially with streptavidin-phycoerythrin. For each sample the signal was further enhanced by incubation with biotinylated goat antistreptavidin followed by a second incubation with streptavidin-phycoerytherin and a second round of intensities were measured. Microarrays were scanned with an Affymetrix scanner controlled by Affymetrix Microarray Suite software.
Microarray processing and statistical analysis 8
Affymetrix gene expression data were pre-processed using 'affyPLM' packages [7] of the Bioconductor Software [8] . To obtain the genes with the strongest evidence of differential expression, a linear model fit was applied for each gene using 'limma'
(Linear Models for Microarray Data) packages [9] of [8] . 
Fuzzy clustering
The time-profiles of the differentially expressed genes in stem cells and in HLC were scaled between their respective absolute temporal extreme values to focus subsequent cluster analysis on the qualitative behavior of the expression profiles.
The time series were clustered using fuzzy c-means [11] (fuzzy exponent = 1.5; maximum number of iteration = 200; minimum cost function improvement = 10-10).
The optimum number N of cluster was estimated by repeated calculation (number 9 of iterations = 100) of the fuzzy cluster index 'Separation Index' (Suppl. Fig. 6 ). A list with genes belonging to each fuzzy cluster is provided in Suppl. Table 6 .
Cluster group definition
The generation of gene clusters generated by fuzzy c-means revealed two features that allowed a more precise interpretation of the transcriptional changes induced by differentiation of ESC into HLC: the magnitude (i.e. fold) difference between ESC (or HLC) and FH, and the magnitude of changes induced by the differentiation into HLC (Suppl. 
Gene set enrichment analysis (Gene ontology)
Genes which show change of the ratios higher (or lower) than 2-fold in the arrays at any of the time points have been considered as up or downregulated and subjected for gene ontology (GO) analyses. Differentially regulated genes of each Cluster group were categorized using the manually curated Gene Ontology of the BioBase Knowledge Library (BKL) of the ExPlain™ webservice (BioBase GmbH, Wolfenbüttel, Germany). The analysis was performed on gene lists corresponding to the combination of clusters into Cluster groups as described in the results section. The results are provided in Suppl. Table 7 .
Transcription factor binding site (TFBS) enrichment analysis 11
To identify transcription factors (TFs) whose binding sites are enriched in a given set of promoters, the algorithm PRIMA (PRomoter Integration in Microarray Analysis [12] ) of the Expander Software 6.1 (EXPression ANalyzer and DisplayER; [13] ) was used. The analysis was performed on genes belonging to the each Cluster group that are significantly (p-value cut off is 0.05) changed more than 2-fold. All human genes (Ensembl release 42) were used as background set, the threshold of the p-value was set to 0.01 and the region was scanned from -3000 to +200. The results are provided in Suppl. Table 9 .
Identification of deregulated transcription factors
To identify deregulated transcription factors (TFs) in HLC cluster groups, the genes were mapped to specific transcription factor using the database TRANSFAC Professional and classified using the ExPlain TM webservice. The results are provided in Suppl. Table 8 .
Euclidian distance analysis
In order to evaluate the differentiation process, the Euclidean distance between the different cell types was calculated based on the expression level of differentially expressed genes. Genes with a fold change greater than 2 and a false discovery rate (FDR) adjusted p-value lower than 0.05 were considered as differentially expressed. The pairwise Euclidean distances were calculated by using the Statistic 12 toolbox of Matlab (Mathworks Inc., USA). The results are provided in Suppl. Tables 4 and 5 .
CellNet analysis
To assess the fidelity of cell conversion a classification probability related to 16 specific tissues and cells was calculated. for liver-enriched and cluster-associated transcription factors respectively.
Immunostaining and fluorescent microscopy
The expression of the hepatocyte differentiation marker albumin was analyzed in stem cells and in HLC by immunofluorescence as previously described [2] . Briefly, Cahan et al [14] . The maximal classification scores were observed for FH and ESC from all centers, corresponding to "liver" and "esc", respectively. HLC from all centers scored three tissues, namely "esc", "liver" and "colon". Unlike GRN for "liver", "colon", "esc" and "fibroblast" (see Fig. 3 
Supplemental table legends
Supplemental 
Supplemental table 4: Euclidean distance between FH, ESC and HLC from all centers
The Euclidean distance between FH, ESC and HLC from all centers were calculated as described in Suppl. Methods (page 11), using all differentially expressed genes with a cutoff of 2-fold.
Supplemental table 5: Euclidean distance between FH, cultivated hepatocytes in monolayer or sandwich configurations and HLC
The Euclidean distance between cultivated hepatocytes in monolayer or sandwich configurations, FH and HLC from all centers were calculated as described in Suppl.
Methods (page 11), using all differentially expressed genes with a cutoff of 2-fold.
Supplemental table 6: Fuzzy gene clusters
Gene clusters generated as described in Suppl. Methods 
